Objective: To explore how post-acute care (PAC) for stroke patients delivered by per-diem payment system in varying hospitalization paths affects medical care utilization and functional status. Design, setting and patients: A longitudinal prospective cohort study of 181 acute stroke patients in a southern Taiwan hospital and patients were separated into two groups: patients transferred from regional hospitals (group 1) and patients referred from medical centers (group 2). Intervention: The intervention was a hospital based, function oriented, 3-to 12-weeks rehabilitative PAC intervention for patients with cerebrovascular diseases. Measurements: Barthal Index, Functional Oral Intake Scale, Instrumental Activities of Daily Living Scale, EuroQoL Quality of Life Scale, and Berg Balance Scale. Results: The average duration between day of stroke onset and day of admission to PAC ward was significantly (P < 0.001) shorter in group 1 (9.88 days) compared to group 2 (17.11 days). The average duration of PAC was also significantly (P < 0.01) shorter in group 1 (25.51 days) compared to group 2 (34.11 days). Finally, the average cost of PAC under per-diem payment was significantly lower (P < 0.01) in group 1 (US$2637) compared to group 2 (US$3450). Functional status significantly (P < 0.05) improved in patients who had received rehabilitative PAC. However, functional status did not significantly differ between the two groups. Conclusions: The most effective way to reduce the costs of PAC for stroke patients is to minimize the duration of their hospital stay before transfer to rehabilitative PAC. Because it substantially reduces medical costs, rehabilitative PAC should be considered standard care for stroke patients.
Introduction
According to the latest data from the World Health Organization (WHO), stroke is the second-leading cause of death in the world [1, 2] . The potentially high economic burden of stroke treatment includes long-term care costs and productivity losses [3] . In Taiwan, the total expenditure on health (TEH) is 6.61% of gross domestic product, which is a much smaller percentage compared to other developed countries (e.g. 16 .9% in USA; 11.2% in Japan; 9.0% (average) in OECD) [4] [5] [6] . However, the percentage of TEH used for private healthcare is higher in Taiwan than in other countries. In the USA, up to 62.6-74.5% of stroke patients need rehabilitative post-acute care (PAC) after hospital discharge [7] . An international literature review by Kuptniratsaikul reported an average length of stay (LOS) of~1 month for inpatient rehabilitation after stroke (e.g. 29.4 days in Thailand, 31.3 days in Ireland, 31.2 days in Switzerland, 37.1 days in Singapore) [8] . Compared to these countries, most states in the USA have a lower average LOS for stroke (e.g. 21.9 days for the state of Texas), possibly due to the higher economic burden of inpatient care for stroke in the USA [7] . That is, the effect of rehabilitative PAC on hospital LOS in stroke patients differs by country.
In Taiwan, the National Health Insurance (NHI) system is an important social welfare policy and is widely recognized as one of the best universal healthcare systems in the world [9] [10] [11] , because it provides affordable yet high quality care with wide freedom of choice and with easy access to ambulatory care. Polls show that public satisfaction with the system is very high (e.g. 83.1% in 2016) [11] . As the Taiwan population ages and as in-hospital care by specialists increases, rising medical expenditures are a growing concern. Because the Taiwan healthcare system has limited referral requirements, patients in Taiwan feel free to visit their preferred physicians at community clinics or hospital out-patient departments [11] . In large cities in Taiwan, stroke patients who require PAC after admission to a medical center must often wait for a rehabilitation bed to become available. Patients who are denied a rehabilitation bed at a medical center often feel helpless because they are unaware that adequate care may be available at a local hospital. A study by Cotté FE et al. reported that the three highest costs of treating stroke patients were informal care cost, initial hospitalization cost and rehabilitation cost [12] . After acute treatment, care and rehabilitation costs are a potentially huge burden [13] . Medical costs for stroke are related to socioeconomic status [14] . After a stroke event, inequality in socioeconomic status and survival increase markedly over time [15] . Therefore, local hospitals can play an important role by providing efficient and effective post-stroke rehabilitative care with a lower cost burden and a greater convenience for stroke patients and their families.
Payment systems may affect the behaviors of health providers and medical outcomes [16] . Spending on hospital services has contributed to increased total healthcare expenditures in most countries in Europe and in the developed world [17] . Diagnosis-related groups (DRGs)-based payment is increasingly used for treating stroke in the USA and other countries [5, 18] . Different payment systems and treatments may also lead to differences in medical resources utilization [18, 19] . Theoretically, the per-diem reimbursement method should reduce daily expenditure but can increase LOS in the hospital [20] . Per-diem hospital costs may also be affected by patient age, major diagnostic group, risk, legal problems, activities of daily living (ADL) ability and the presence of psychotic or affective symptoms. In Europe, the currently implemented per-diem payment system is mainly used for inpatient treatment of mental disorders [20, 21] . No published studies have discussed per-diem reimbursement for inpatient stroke service.
Many countries are attempting to build a comprehensive and integrated system for short-and long-term healthcare. The Taiwan government chose to focus on stroke for its first national PAC project. A 2014 pilot study of PAC for cerebrovascular disease (PAC-CVD) in stroke patients revealed several deficiencies in current treatment, including prolonged hospital stay, high hospital readmission rate, limited availability of in-patient stroke rehabilitation programs and poor coordination between medical centers and local hospitals. In this PAC-CVD project, the inpatient stroke rehabilitation program had five major differences from the current implementation policy. First, the reimbursement was per-diem but not fee-for-service. Second, the daily-implemented PAC rehabilitation programs were not limited to one physical therapy, one occupational therapy and one speech therapy treatments. Patients could receive more intensive and more frequent rehabilitation programs. Third, every patient should have his or her functional status re-evaluated every 3 weeks and these medical records should be sent to the NHI system. Fourth, no matter which hospital accreditation level (medical center, regional hospital or district hospital) was used, the payment was all the same. Fifth, patients could transfer smoothly to local hospitals under the assistance of the case manager. Therefore, the objective of this study was to explore how a per-diem payment system affects medical utilization during PAC for stroke patients in Taiwan.
Materials and Methods

Study design and sample
The study population included all stroke patients admitted to the PAC ward of a Taiwan hospital between March 2014 and September 2016 (defined as ICD-9-CM codes 433.x, 434.x, and 436.x for ischemic stroke and codes 430 and 431 for hemorrhagic stroke, International Classification of Diseases, Ninth Revision, Clinical Modification). The inclusion criteria were (i) acute stroke; (ii) admission to the PAC ward within 30 days after day of stroke onset and (iii) Modified Rankin Scale (MRS) level 2-4. This study of human subjects received the institutional review board approval before the survey was initiated. The patients were separated into group 1 (transferred from regional hospital) and group 2 (referred from the medical centers). During the sample selection period, 188 patients were eligible for participation and were interviewed before and after PAC. Seven cases were excluded due to insufficient inpatient training days within 7 days. Subjects were referred from neurology, neurosurgery, geriatrics or medical ward. None was referred from rehabilitation ward.
The multidisciplinary stroke team included neurologists, physiatrists, physical therapists, occupational therapists, speech therapists, psychologists and nurses. The PAC rehabilitation program prescribed by the physiatrist was a complex program of universal activities that were performed in at least three sessions per day. Each patient received 1 hour of therapy (physical therapy, occupational therapy or speech and swallowing therapy) during each session. The programs, which were selected according to the condition of the patient, included facilitation, passive range of motion exercise, strengthening, therapeutic exercise, bed mobility training, balance training, functional electric stimulation, training under suspension, ambulation training, training using devices, transfer training, ADL activity training, functional training, coordination training, posture training, speech training and swallowing training. The rehabilitation area and facility were recently established at this hospital. Therefore, the PAC patients were not mixed with patients in the out-patient department.
Measuring instruments
Functional status was evaluated by Barthal Index (BI), Functional Oral Intake Scale (FOIS), Instrumental ADL (IADL), EuroQoL Quality of Life Scale (EQ5D) and Berg Balance Scale (BBS). The BI score was used to measure the level of functional disability by indicating the ability to perform certain activities in daily life (e.g. dressing, external care and going up and down stairs) [22] . The BI consists of 10 items, with the maximum score implying complete independence. The minimum score is 0, indicating that a patient is totally dependent. The FOIS was used for assessing the functional oral intake of stroke patients with dysphagia [23] . The FOIS was classified in seven swallowing function levels. The level ranged from nothing by mouth (level 1) to total oral diet with no restriction (level 7). The IADL is most useful for identifying how a person is functioning at the present time and for identifying improvement or deterioration over time [24] . Historically, women were scored on all eight areas of function; men were not scored in the domains of food preparation, housekeeping and laundering. The EQ5D examines the patient's view on mobility, self-care, usual activities, pain or discomfort, and anxiety or depression as part of a total health state. Each part is awarded ≤3 points, the score representing no problem, some problem or extreme problem (1, 2 or 3, respectively) [25] . A Taiwan version of the EQ5D has been validated as a reliable and valid tool for measuring health-related quality of life in patients in Taiwan [26, 27] . The BBS is a scale of functional balance [28] . It is a 14-item test and each item is rated from 0 (i.e. poor balance) to 4 (i.e. good balance). The perfect score is 56. Additionally, the Chinese version of these measures has been validated and extensively used in both clinical practice and research.
The following patient data obtained by records review were tested as independent variables in this study: gender, type of stroke, days between stroke onset and admitted to PAC ward, LOS in PAC ward, and total treatment cost during PAC ward stay.
Statistical analysis
The unit of analysis in this study was the individual stroke patient. Descriptive statistics were tabulated to depict the stroke patient demographics. To reflect changes in real dollar value, all dollar values were converted to their equivalent 2016 values; New Taiwan Dollar (NTD) values were then converted to USD values at the average exchange rate over the 3-year period of 2014-2016 (31 NTD: 1 USD).
Longitudinal data were characterized by repeated observations of the same patients with a high variability between patients but low variability within patients. The generalized estimating equations (GEE) approach was developed to correct for repeated outcomes within the same subject. Total score of each functional status measure was used as a dependent variable as a function of time and effective covariates, which included age, gender, type of stroke, stroke history and lengths of stay after PAC. Restated, these effective predictive variables were included in the GEE approach as covariates because they were statistically significant in the multivariable models and are considered consistent predictors of functional status in much of the literature as well. The GEE procedure under XT gee in Stata, version 12.0, was employed for statistical analyses in this study. Table 1 compares the group 1 (transferred from the regional hospital) and group 2 (referred from the medical centers) in terms of study characteristics. Group 2 had a significantly younger mean age (P < 0.001), but gender did not significantly differ. In both groups, the majority of patients had suffered from infraction stroke. But the percentage of patients with hemorrhagic stroke was significantly higher in group 2 compared to group 1 (P < 0.01). According to the score of MRS and BI, disease severity did not significantly differ (P > 0.05). The average duration from day of stroke onset to day of PAC ward admission was significantly (P < 0.001) shorter in group 1 (9.88 days) compared to group 2 (17.11 days). The average duration of PAC was also significantly (P < 0.01) shorter in group 1 (25.51 days) compared to group 2 (34.11 days). The average cost of treatment in PAC ward under per-diem payment was significantly (P < 0.01) lower in group 1 (US$2637 dollars) compared to group 2 (US$3450 dollars).
Results
In Table 2 , it shows that rehabilitative PAC significantly improved MRS, BI, FOIS, EQ5D, IADL and BBS (P < 0.05). However, Table 3 shows that the two groups did not significantly differ in MRS, BI, FOIS, EQ5D, IADL or BBS (P > 0.05).
Discussion
Compared to group 1, group 2 had a higher percentage of patients with hemorrhagic stroke. The likely explanation is that hospitals in small cities rarely have neurosurgeons on duty at night. Therefore, most patients who require surgery for intracranial hemorrhage (ICH) at night are usually transferred to medical centers in large cities for surgery and then sent back after their condition stabilizes. Group 2 patients also tended to be younger. In this case, the likely explanation is that patients who are young tend to have a better prognosis and are more likely to return to work after rehabilitation. Therefore, hemorrhagic patients in group 2 were more likely to be referred for further rehabilitative PAC as an in-patient rather than as an out-patient. The relationship between age and stroke type has been studied in other countries. For example, a 5-year study in Sweden found that stroke patients with ICH tended to be younger at the time of stroke compared to those without ICH. At each level of functional disability, stroke patients with ICH consumed more county-level resources and consistently incurred higher overall healthcare costs [29] . Another 5-year study performed in Singapore similarly reported that stroke patients with ICH required significantly longer acute care and rehabilitation and had a significantly longer total LOS [30] .
A study of a Taiwan population of stroke patients with ICH reported that patients discharged within 22 days had an average LOS of 7.3 days [9] . In hospitals without rehabilitation wards or chronic care wards, stroke patients must be discharged from the acute care ward and transferred to hospitals with PAC facilities. The group 1 patients in our study spent an average of 10 days in the acute care ward before being transferred to the PAC ward. In contrast, the group 2 patients spent an average of 17 days in PAC before transfer. Possible explanations for the difference include the following [7, 9] : (i) patients treated in medical centers require more time to stabilize because they usually have more comorbidities and higher severity of stroke; (ii) due to lack of available PAC beds in regional hospitals, patients must wait for PAC beds or transfer to hospitals with available PAC beds; (iii) patients have greater confidence in hospitals that operate on a larger scale and have better facilities; therefore, patients are willing to wait for beds in rehabilitation wards of medical centers; (iv) patients establish good relationships with therapists who provide bedside rehabilitation programs in medical centers; (v) family members initially have difficulty reaching a consensus regarding PAC and (vi) neurologists and neurosurgeons in medical centers are unfamiliar with recent research in PAC.
Studies show that PAC quality is not significantly associated with PAC patient volume [31] . Patients are transferred to PAC rehabilitation units as early as possible to maximize rehabilitation efficacy, to maximize the potential for functional restoration, and to minimize costs [30] . Early and intensive physical therapy, occupational therapy and speech therapy are also important for successful rehabilitation of stroke patients. The Taiwan NHI system ensures that all hospitals that provide PAC receive the same reimbursement, regardless of care quality or hospital accreditation level.
The mean duration of PAC in our study was 25.5 days in group 1 and 34.1 days in group 2. The average hospital stay for acute care before PAC was 9.8 days in group 1 and 17.1 days in group 2. Few studies have discussed the inpatient rehabilitation after acute stroke in Taiwan [9, 10] . Lee reported that stroke patients had a mean LOS of 22.2 days, but inpatient rehabilitation utilization was only 34.0% [32] . Lin reported that stroke patients in Taiwan had an average rehabilitation ward LOS of 34.7 days [33] . Chen reported that stroke patients had an average LOS of 23.3 days in the acute ward and an average LOS of 25.3 days in the rehabilitation ward [11] . The LOS for stroke patients tends to be longer in Taiwan compared to other countries [9] . As the time after referral from the medical center decreases, total LOS and total cost are expected to decrease [33] . Our experience shows that case managers usually cooperate to ensure an efficient transfer of patients from acute care wards to PAC wards.
Our study showed that rehabilitative PAC significantly improved MRS, BI, FOIS, EQ5D, IADL and BBS. However, these values did not significantly differ between groups 1 and 2. Whereas the current NHI system in Taiwan limits patients to one session of therapy (physical, occupational or speech therapy) per day, the rehabilitation delivered to PAC patients in this study depended on their tolerance. The Japanese medical insurance system implemented an intensive PAC-program after 2000. Studies by Sonoda [34] and Miyai [35] have reported that duration (hours) of therapy is significantly associated with stroke rehabilitation outcome. For example, as duration of therapy increases, motor function at discharge increases whereas LOS decreases. Another study by Turner showed 'strong evidence' that highly intensive PAC programs are associated with early functional gains [36] . Our study found that patients who could tolerate rehabilitation programs of the highest intensity had the best outcomes in terms of complications prevention and time required for recovery of function. The per-diem reimbursement system avoided the financial burden of fee-for-service reimbursement [20, 21] . The training program was efficient and economical.
For this national PAC-CVD pilot project, the MRS level of the stroke patient was the main criterion for participation. Only patients with MRS levels 2-4 were eligible for transfer to hospitals with PAC wards. A study by Dewilde concluded that MRS level is a major determinant of medical resource use [37] . A study by Deutsch et al. reported that PAC delivered in the intensive inpatient rehabilitation facilities obtained better outcomes compared to PAC delivered in the skilled nursing facilities [38] . However, outcomes did not significantly differ in patients with minimal motor disabilities or in patients with major cognitive disabilities [39] . To maximize efficiency in the use of limited healthcare resources, indications for inpatient rehabilitation of subjects with MRS 2-4 must be clearly established. For delivering intensive rehabilitative PAC in these patients, hospitals are more suitable than nursing home. Our study results also revealed that early and intensive stroke rehabilitation effectively and efficiently obtained good outcomes. A collaborative effort by a multidisciplinary team was another important contributor to good outcomes. In Taiwan, stroke patients with prolonged hospital stay constitute only 10.4% of all stroke patients. However, they constitute 38.9% of the total person-hospital bed days and 47.8% of the total in-hospital medical expenses [9] . Besides surgical intervention and mechanical ventilation use, rehabilitation need for physical/ADL dependency and speech/swallowing problems is a major cause to delay discharge from the hospital [10, 38] . Although the Taiwan government recognizes the great importance of PAC-CVD, limited stroke patients are transferred successfully from medical centers to local hospitals initially. The reimbursements under per-diem are not as good as fee-for-service payment and some local hospitals are not well prepared yet. The success rate in transferring the strokes to local hospitals is growing finally. Programs for PAC for patients with other injuries, including spinal cord injury, traumatic brain injury, cardiopulmonary disease and bony fracture are scheduled to begin at the mid-year of 2017. Recent experience in delivery of PAC-CVD by Taiwan hospitals has yielded valuable data that would be an important contribution to the literature.
Study Limitations
Although all research questions were adequately and satisfactorily addressed, several limitations are noted. This study only collected data for acute stroke patients for 30 days after stroke onset. This study only analyzed patients treated in a single district hospital that lacked a rehabilitation ward. However, the number of PACprogram stroke patients treated at this hospital was among the highest of all district hospitals in south Taiwan. Additionally, due to the lack of a true control group, as well as the ideal age difference between the two treatment groups, the obtained results can be due to the age difference and pre-post general trends. Further studies are needed to compare a PAC group and a control group in other regions of Taiwan and under current NHI regulations.
Conclusions
In conclusion, PAC rehabilitation was an effective training for stroke rehabilitation. This study focused on stroke patients who had a short LOS at a regional hospital before undergoing PAC rehabilitation. Early rehabilitation was important for successful restoration of the health, confidence and self-care ability of these patients. A qualified local hospital with physiatrists is the preferred site for delivery of rehabilitative PAC. There is a significant pre-post difference with the per-diem payment program. However, it is not clear that such a difference can be actually attributed to the program or due to the study design.
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